To evaluate morning autonomic nervous activity and blood pressure profiles in hypertensive patients by analyzing heart rate variability and ambulatory blood pressure. Data from 82 patients with untreated essential hypertension were analyzed. We evaluated the 24-h profile of blood pressure and that of indices of autonomic nervous activity, i.e., the high frequency component (HF) and low frequency component/HF (LF/HF), which were obtained by wavelet transform of heart rate variability. Patients were classified by dipping status (nondippers, n =28; dippers, n =32; extreme-dippers, n =8; and risers, n =14) and morning blood pressure profile (large, n =9; small, n =60; and inverted, n =13). Nocturnal systolic blood pressure in extreme-dippers was significantly lower than that in the other groups; that in the risers was significantly higher (p <0.05). There were no significant group differences in daytime systolic blood pressure. Daytime and 24-h HF levels 
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Introduction
Recent guidelines of hypertension stress both strict and whole-day blood pressure (BP) lowering (1, 2) , which mean morning hypertension is one of the targets of hypertension treatment. Abnormal morning BP profiles have been proved to increase risk of cardiovascular events or hypertensive target organ damages (3) (4) (5) (6) (7) , as well as ambulatory BP level itself (8, 9) . Given that various cardiovascular accidents have their peak in frequency in the morning (10, 11) , it is reasonable to speculate that morning BP makes a contribution to them. Acute activation of the autonomic nervous system is known to play a key role both as the trigger for such accidents and morning BP change (12) ; however, the contribution of the serial daily profile of autonomic nervous activity on morning BP alteration is still unclear, because direct measurement of autonomic nervous activity requires invasive procedures and may not accurately reflect activity levels in daily life.
To evaluate the serial autonomic background of hypertensive patients, we have used wavelet transform, a time-and-frequency domain analysis method, for analyzing heart rate variability (HRV). HRV analysis is used to noninvasively measure cardiac modulation by autonomic nervous activity (13) (14) (15) (16) (17) . Unlike Fourier transform, wavelet transform does not require stationary signals (18) . Thus, this method might be suitable for analysis of non-stationary ECG signals (19) (20) (21) (22) (23) , which reflect the kaleidoscopic change in autonomic cardiac modulation that is proposed to occur in the early morning.
This clinical study sought to clarify the contribution of autonomic nervous activity to BP change before and after waking. To investigate this matter, we evaluated the morning profiles of autonomic nervous activity and BP in patients with essential hypertension by simultaneous 24-h BP and ECG recording and analysis of HRV by wavelet transform.
Methods

Study Population
One hundred and eighteen subjects with essential hypertension who did not receive any hypertensive agents between January 2002 and October 2004 were enrolled. We diagnosed hypertension as office BP of 140/90 mmHg or greater (1, 2) . Patients with suspected secondary hypertension (n= 4), evident cardiovascular disease (n= 2), cerebrovascular disease (n= 10) and malignancy (n= 2) were excluded from the study by medical interview, physical and neurological examination, chest X-ray, blood and urine tests, rest or exercise ECG, brain magnetic resonance imaging and/or computer tomography, or renal or coronary angiography if necessary. In addition, five subjects were excluded due to insufficient ambulatory BP monitoring (ABPM) data collection, and 13 due to atrial fibrillation, frequent paroxysmal contraction or massive (more than 5%) ECG noise during Holter ECG monitoring, all of which undermined HRV analysis. Thus, a total of 82 subjects completed the study and were included in the analysis (49 males and 33 females; age 27-85 years; mean±SD age, 57.9±12.0 years). Diabetes mellitus was diagnosed as fasting blood glucose of 126 mg/dl or more, hemoglobin A1c of 6.5% or more, or use of hypoglycemic agents; and dyslipidemia was defined as serum cholesterol of 220 mg/dl or more and/or use of lipid-lowering agents. The study was approved by the hospital ethics committee, and each subject gave written informed consent before enrollment.
BP Monitoring and BP Classification
Ambulatory BP and 24-h Holter ECG were simultaneously monitored with a FM-200 digital recorder (Fukuda Denshi Co. Ltd., Tokyo, Japan). Monitoring began at approximately 11 AM, and BP was measured every 30 min all day long. From these data, average daytime (9 AM-9 PM) and nighttime (0 AM-6 AM) systolic BP (SBP) levels were calculated.
We classified participants into four groups based on their nighttime SBP fall: 0-10% of daytime SBP, nondipper; 10-20%, dipper; more than 20%, extreme-dipper; higher than daytime SBP, riser. We also classified participants based on the ratio of preawake/postawake SBP, and on the averaged SBP for 3 h before and after awaking, respectively. Waking time was determined by questionnaire. Participants were clas- sified into 3 groups: ratio less than 0.8, large group; ratio between 0.8 and 1.0, small group; ratio more than 1.0, inverted group.
To clarify the influence of nocturnal SBP on the morning BP profile, we made another evaluation by separating the subjects into four groups by nocturnal SBP and the preawake/ postawake SBP ratio (Group 1: lower nocturnal SBP and large morning BP rise; Group 2: lower nocturnal SBP and small morning BP rise or decrease; Group 3: higher nocturnal SBP and large morning BP rise; Group 4; higher nocturnal SBP and small morning SBP rise or decrease).
Wavelet Transform of HRV
Wavelet transform (24) was performed as a time-and-frequency domain analysis of HRV using Fluclet™ commercial software (20, 25, 26 ) (Dainippon Pharmaceutical. Co. Ltd., Osaka, Japan). The digitalized ECG signals were first sampled at 1,000 Hz and interpolated with a 50 ms interval by the 3-dimensional spline interpolation. A series of scalograms was made by sliding Gabor's mother wavelet function every 100 ms along the time direction, contracting or stretching in the high and low frequency regions, respectively. Each scalogram was resolved to low frequency and high frequency components, the range of which was 0.04-0.15 Hz and 0.15-2.00 Hz respectively, and then the peak amplitude (ms/Hz 1/2 ) of each component was calculated and expressed as LF and HF, respectively. HF represents parasympathetic nervous activity, and LF/HF represents sympathovagal balance (15) . 
Statistical Analysis
All variables were expressed as the mean±SD. Intergroup comparisons were analyzed by one-way ANOVA, and Scheffé's test was performed to identify significant differences between groups with uneven number distribution. The χ 2 test was used to compare the frequency of male patients and the prevalence of diabetes, dyslipidemia, or current smoking in the various BP classification groups. Pearson's correlation analysis and stepwise multivariate regression analysis were performed to evaluate the relationship between BP profile and HRV parameters. A p-value less than 0.05 was considered statistically significant.
Results
Patient Characteristics and BP Profiles
Patient characteristics, grouped by morning BP profile, are shown in Table 1 . The large group (n= 9, p< 0.001) and the small group (n= 60, p< 0.05) showed significantly lower nocturnal and preawake SBP compared to the inverted group (n= 13). There were no significant differences among groups in the 24-h average SBP, daytime SBP, or postawake SBP. All groups demonstrated an average heart rate increase of approximately 20% from nighttime to daytime or from the pre-to postawake period with no significant group differences. Participant age was significantly different among the groups by ANOVA, whereas Scheffé's test did not detect any significant pair-wise differences; no other participant characteristics were significantly different among the groups. Table 2 shows the patient characteristics grouped by dipping status. The average 24-h SBP of the extreme-dippers (n= 8) was significantly lower than that of the other groups (p< 0.05), and this difference was predominantly due to the significantly lower nocturnal SBP in extreme-dippers compared to dippers (n= 32, p< 0.005), nondippers (n= 28, p< 0.0001) and risers (n= 14, p< 0.005); there were no significant intergroup differences in daytime SBP. There were also no significant group differences in heart rate and the heart rate profile. Table 3 shows BP profile according to factors related to the 
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nocturnal SBP level and morning SBP profile. Nocturnal SBP differed significantly between the higher nocturnal SBP groups but not between the lower nocturnal SBP groups, indicating that nocturnal BP reflects the morning BP profile more strongly in subjects with higher SBP.
Variation in HRV Profile According to Morning BP Profile
The daily 24-h profile of the HF of HRV is shown in Fig. 1A . Data were arranged by waking time and averaged for every 30 min. HF gradually increased during the night and fell as the waking time approached in both the large and small groups. The HF level in the inverted group was lower than those in the other groups throughout the day; the suppression of nocturnal and preawake HF in this group was particularly pronounced compared with the other groups ( Table 4 , p< 0.05). Figure 1B shows the daily profile of LF/HF. There was a nocturnal decrease followed by acute elevation during waking, which is the opposite of the HF profile. The pattern of the LF/HF profile in the three groups was similar, but there was impaired elevation of LF/HF near waking in the inverted group (Table  4 ). Table 4 also shows the impairment/loss of significant daytime-to-nighttime or preawake-to-postawake profile of both HF and LF/HF in the inverted group; there was no significant difference among the groups in the 24-h, daytime, or postawake HF levels. In addition, the large and small groups showed significantly lower ratios of nighttime/daytime (p< 0.05) and preawake/postawake (p< 0.05) LF/HF than the inverted group. Table 5 shows the HRV parameters of subjects classified by nocturnal BP and morning BP profile. The preawake HF level, nighttime/daytime and preawake/postawake ratio of LF/HF were significantly different among the four groups by ANOVA, but the post-hoc test detected a significant differ- 
Variation in HRV Profile According to Dipping Status
The daily HRV parameters classified by dipping status are shown in Table 6 . In each group, the circadian variation of HF showed a similar pattern consisting of nocturnal elevation and reduction during waking; there were no significant intergroup differences in daily or morning HF profiles. In contrast, the circadian variation of LF/HF in each group showed nocturnal suppression followed by activation upon waking. Daytime and 24-h average LF/HF were significantly higher in the dipper than in the riser group.
Relationship between Morning BP Elevation and HRV Profile
To clarify the relationship between morning BP elevation and HRV profile, we analyzed the correlation between the preawake/postawake SBP ratio and HRV profile. The results are shown in Table 7 . The preawake/postawake SBP ratio negatively correlated with the preawake HF level (p< 0.05; Fig. 2 ), an indication that lower preawake HF led to more impaired morning BP elevation. However, preawake or postawake SBP did not correlate with HF levels (data not shown). The preawake/postawake SBP ratio positively correlated with the preawake/postawake LF/HF ratio (p< 0.01; Fig. 2 ), an indication that rapid morning BP elevation was influenced by relative sympathetic activation. In addition, current smoking showed a weak correlation to morning BP profile. When the subjects were limited to age 50-74 yeras old (n= 60), the preawake/postawake LF/HF ratio and current smoking were correlated with the preawake/postawake SBP ratio (Table 7) .
Multivariate Regression Analysis for Morning BP Profile
We performed a stepwise multivariate regression analysis for the preawake/postawake SBP ratio that included preawake HF, preawake/postawake ratio of LF/HF, age, sex, body mass index, presence of diabetes, dyslipidemia, and current smoking as confounding variables (Table 8 ). In this model, the preawake/postawake ratio of LF/HF (p= 0.033) and preawake HF (p= 0.037) were revealed as significant contributing factors to the preawake/postawake SBP ratio.
Discussion
This clinical study evaluated autonomic background of the morning BP profiles in hypertensive patients using 24-h BP and ECG recording and wavelet transform of HRV, and revealed the independent contributions of the preawake HF level and LF/HF change around awaking to the morning BP elevation, which was also shown to be dependent on preawake or nocturnal but not postawake or daytime BP. Several reports have suggested that nocturnal BP is lower in dippers, while average daytime BP is unchanged (27) . This is true for both patients with end-stage renal failure and patients with coronary artery diseases (28, 29) . A prospective study focused on morning surge suggested that in the surge group (difference of 55 mmHg or more between averaged SBP for 2 h after awaking and that for 3 h around the lowest asleep BP), morning BP after waking was significantly higher than that in the non-surge group (3); however, the criteria of morning BP evaluation remains controversial, and the criteria of enrollment or BP classification used in this previous study were different from ours. Moreover, previous reports have demonstrated that nocturnal BP is important for evaluating the prognosis in essential hypertension (30, 31) . Thus, the accumulated evidence suggested that our findings regarding the relationship between morning BP elevation and preawake or nocturnal BP may be acceptable. In addition, we evaluated the level of nocturnal SBP and morning BP profile, and the results suggested that nocturnal BP may have affected the morning BP profile in the higher nocturnal SBP group but not in the lower nocturnal SBP group. Kohara et al. (27) examined the relationship between BP and HRV daily profile classified into only two rather than four BP profiles; dipper and non-dipper. Given this difference, it is difficult to compare our results. However, they showed increased HF and decreased LF/HF during nighttime, and we showed a very similar pattern of results for the daily profile of HF and LF/HF in the riser group, the extreme type of non-dipper. With respect to morning BP elevation, Kario et al. (32) found that the asleep/awake SBP ratio positively correlated to the asleep/awake LF/HF ratio and negatively correlated to the asleep/awake HF ratio. Our results are somewhat similar: the preawake/postawake SBP ratio positively correlated with the preawake/postawake LF/HF ratio and negatively correlated with preawake HF levels, but did it not correlate with the preawake/postawake HF ratio. While these data appear to describe a similar phenomenon, our results emphasize that an elevation of HF before waking and a rapid increase in LF/HF around waking are important for morning BP elevation. The methods used to evaluate HRV in this investigation and our study, fast-Fourier transform and wavelet transform, are different and the expression of parameters is also somewhat different. Kario et al. (32) calculated the asleep/awake ratio using average value of each parameter (LF/HF, HF and SBP) during sleeping (approximately 6-8 h) and during waking (remaining 14-16 h). This parameter does not strictly reflect the modulation of BP or autonomic nervous activity around waking. We evaluated morning BP elevation using the preawake/postawake ratio, which was calculated as the average of each parameter for 3 h before and after waking. Various cardiovascular accidents occur most frequently in early to mid-morning (10, 11) , corresponding to a couple of hours after awaking, so it is reasonable to set the evaluation range of 3 h before and after awaking for the purpose of studying autonomic nervous activity in the morning. A study limitation might remain for the validity of categorizing the morning BP profile, but as previously remarked, there is no consensus in regard to morning BP categorization. This study sought to clarify the contribution of autonomic nervous activity to morning BP change, so we needed serial data of both BP and HRV.
Unfortunately, we did not distinguish the autonomic characteristics of patients with large morning BP elevation by inter-group comparison; such patients are now considered at higher risk of cerebral ischemia. It may come from the difference in patient characteristics between among groups. We took the preawake/postawake SBP ratio as the morning BP profile, and categorized small group with excessive morning BP elevation by the ratio less than 0.8, and subjects in this group had higher age (not significant) than the small group, which decrease HRV (33, 34) . The prevalence of diabetes was also different among groups, but the difference was not statistically significant (35) , hence we performed a multivariate regression analysis and revealed the independent contribution of the preawake HF level and LF/HF change around awaking to the morning BP elevation. To our knowledge, this is the first report to evaluate the confounding factors for morning BP elevation using multivariate analysis. Although the morning BP profile was modulated by many factors, only HRV was considered as an independent factor. As previously described, HF represents parasympathetic nervous activity and LF/HF represents sympathovagal balance. Both direct and indirect evaluation suggested that the morning activation of the sympathetic nervous system plays a key role in morning BP elevation and target organ damage (12, 36) . Therefore, we have concluded that parasympathetic activation before waking and relative sympathetic activation around waking are independently correlated with morning BP elevation. Another possible explanation for our failure to describe the autonomic background of rapid morning BP elevation is that the morning BP profile includes heterogeneous conditions and is not solely determined by rapid activation of the sympathetic nervous system. This is supported by a previous study (36) in which pharmacological adrenergic blockade did not decrease morning BP in any of the hypertensive subjects. At present there are few methods for performing a noninvasive evaluation of autonomic nervous activity. Simultaneous BP and ECG monitoring permit the subjects to maintain their activities of daily life, so the present results stress the advantage of the methodology we used for understanding the autonomic background of abnormal daily or morning BP profiles.
In conclusion, we evaluated the autonomic background of hypertensive patients with various morning BP profiles using wavelet transform of HRV and found that both parasympathetic nervous activity and sympathovagal balance influence the BP profile. As preawake activity of the autonomic nervous system may have a key role in formation of the morning BP profile, presumably by modulating preawake BP, we suggest that simultaneous analysis of BP and HRV provides information useful for the correction of abnormal morning BP profiles, which lead to increased risk of cardiovascular/cerebrovascular accidents.
